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SYSTEM REQUIREMENTS FOR 
A 
DIRECT' K.F. TO'R  F. RE-ENTRANT TRAVELING WAVE TUBE 
kCOMMUN&!IONS SATELLITE TRANSPONDER 
Louis J. Ippolito 
- Goddard Space Flight Center - 
//' 
' /  ,/ Abstract 
Conventional techniques for obtaining frequency conversion and amplifi- 
cation in an active repeater communications satellite down-convert the received ' 
radio frequency signal to an intermediate frequency for amplification and then 
up-convert to a new radio frequency for further amplification and re-transmission. 
This paper describes the requirements for a re-entrant traveling wave tube 
frequency converter system which accomplishes all amplification and frequency 
translation at microwave frequencies, eliminating the bandwidth and signal handling 
limitations of conventional systems employing an intermediate frequency. 
Transponder requirements for a wideband synchronous orbit communications 
satellite link are presented and the effects of multiple carriers on the system 
response are investigated. System and component design criteria are developed 
for the link and experimental re-entrant systems are described. u v  c 
. .. 
. 
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SYSTEM. REQUIREMENTS FOR 
A 
DIRECT R.P .  TO R.P, RE-ENTRANT TRAVELING WAVE TUBE 
COMMUNICATIONS SATELLITE T W S P O N D E R  
' Multij 
Louis  J .  I p p o l i t o  
Goddard  Space  F l i g h t  C e n t e r  
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I. INTRODUCTION 
The p r imary  f u n c t i o n  o f  an ac t ive  communicat ions s a t e l l i t e  i n v o l v e s  t h e  
r e c e p t i o n ,  a m p l i f i c a t i o n  and r e - t r a n s m i s s i o n  of i n f o r m a t i o n - b e a r i n g  r a d i o  f r e q u e n c y  
s i g n a l s  between t w o  o r  more ground t e r m i n a l s .  The s i g n a l  r e c e i v e d  a t  t h e  s a t e l l i t e  
m u s t  be t r a n s l a t e d  t o  a d i f f e r e n t  carr ier  f r equency  b e f o r e  s a t e l l i t e  r e - t r a n s m i s s i o n  
t o  p reven t  i n t e r a c t i o n  between t h e  i n p u t  and o u t p u t  s i g n a l s .  The s a t e l l i t e  
equipment f o r  pe r fo rming  t h e s e  f u n c t i o n s  Is termad a t r a n s p o n d e r  or a I r e p e a t e r .  
Convent iona l  t e c h n i q u e s  f o r  o b t a i n i n g  f r e q u e n c y  c o n v e r s i o n  and  a m p l i f i c a t i o n  
r e q u i r e  t h e  received s i g n a l  a t  t h e  s a t e l l i t e  t o  be reduced  t o  an i n t e r m e d i a t e  
f r equency  f o r  a m p l i f i c a t i o n  and t h e n  t r a n s l a t e d  t o  a new r a d i o  carrier f r e q u e n c y  
f o r  f u r t h e r  a m p l i f i c a t i o n  and r e t r a n s m i s s i o n .  F i g u r e  1-1 shows a t y p i c a l  f r e q u e n c y  
t r a n s l a t i o n  s a t e l l i t e  t r a n s p o n d e r  system. 
plier - 
Chain 
F i g u r e  1-1 
Frequency  T r a n s l a t i o n  Sate1 l i t e  Transponder  
*. 
The r e c e i v e d  s i g n a l  a t  f l  i s  down c o n v e r t e d  t o  fIF and most of  the  a m p l i f i c a t i o n  
Occurs at t h i s  f r e q u e n c y .  A f t e r  l i m i t i n g ,  the s i g n a l  i s  up c o n v e r t e d  t o  f 2  and 
.' 
i s  a m p l i f i e d  i n  t he  t r a v e l i n g  wave t u b e  t o  o b t a i n  the n e c e s s a r y  t r a n s m i s s i o n  power. 
A modula t ion  c o n v e r s i o n  t r a n s p o n d e r  u t i l i z e s  similar f r e q u e n c y  t r a n s l a t i o n  
t e c h n i q u e s  b u t  i n  a d d i t i o n  employs a modula t ion  c o n v e r s i o n  scheme t o  convert  t he  
u p l i n k  modula t ion  t o  a d i f f e r e n t  form f o r  downlink t r a n s m i s s i o n .  The m o d u l a t i o n  
c o n v e r s i o n  is  accomplished i n  t he  IF p o r t i o n  of  t he  t r a n s p o n d e r .  
I n  c u r r e n t  communication s a t e l l i t e  t r a n s p o n d e r s ,  an IF below 100 Mc i s  u t i l i z e d ,  
and u s a b l e  bandwidth i s  25 Mc or less. 
c a p a b i l i t i e s  r e q u i r e  t he  s a t e l l i t e  t o  receive s i g n a l s  n e a r  t h e  -80 dbm level and 
r e - t r a n s m i t  a t  +33 dbm Qr greater, depending i n  par t  upon the  s a t e l l i t e  o r b i t .  
Ground s t a t i o n  t r a n s m i t t i n g  and r e c e i v i n g  
F u t u r e  communication sa te l l i te  r e q u i r e m e n t s ,  s u c h  as t h e  u s e  of m u l t i p l e  
access ground s t a t i o n s  and wideband v i d e o  t r a n s m i s s i o n  ne tworks  i n d i c a t e  tha t  
bandwidths  of 200 Mc or g r e a t e r  w i t h  h i g h e r  t r a n s m i t t e d  o u t p u t  powers t h a n  t h o s e  
c u r r e n t l y  available w i F l  be n e c e s s a r y .  
On p r e s e n t  sys tems the presence of t h e  IF sets a l i m i t a t i o n  on t h e  maximum 
u s a b l e  bandwidth and s ize-weight-power r e s t r i c t i o n s  on t h e  s a t e l l i t e  l i m i t  t h e  
power a v a i l a b l e  f o r  t ransmission i n  t h e  o u t p u t  s tage.  These  l i m i t a t i o n s  c a n  be  
removed by The employment of d i r e c t  microwave t o  microwave c o n v e r s i o n  where a l l  
v n p l i f  i c a t i o n  i s  accomplished a t  microwave f r e q u e n c i e s .  
One such  t y p e  of  d i r e c t  Rp t o  RF s y s t e m  u t i l i z e s  a t r a v e l i n g  wave t u b e  (TWT) 
i n  the  s e r r o d y n e  mode t o  o b t a i n  f r e q u e n c y  t r a n s l a t i o n  and a r e - e n t r a n t  l o o p  t o  
o b t a i n  high a m p l i f i c a t i o n . ( 1 , 2 )  A second d i r e c t  W t o  RF t e c h n i q u e ,  the t y p e  t o  
'be d i s c u s s e d  i n  t h i s  p a p e r ,  u t i l i z e s  a t r a v e l i n g  wave t u b e  f o r  a m p l i f i c a t i o n  and 
a n o n - l i n e a r  impedance d e v i c e  as t h e  f r e q u e n c y  converter. 
i n  a r e - e n t r a n t ,  or re f lex ,  mode t o  o b t a i n  g a i n  a t  both the  u p l i n k  and downlink 
f r e q u e n c i e s .  
The TWT i s  o p e r a t e d  
F i g u r e  1 - 2  shows the  b lock  diagram of a re-entrant TWT d i r e c t  R F  t o  R F  t r a n s p o n d e r .  
- L -  
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O s c i l l a t o r  J 
F i g u r e  1-2 
I 
Re-en t r an t  TWT birect  RP t o  KF A m p l i f i e r  
The i n p u t  s i g n a l  at  a carr ier  f r equency  f l  p a s s e s  t h r o u g h  t h e  f i r s t  d i p l e x e r  and 
i s  a m p l i f i e d  by t h e  TWT. It is t h e n  d i r e c t e d  by t h e  second d i p l e x e r  t o  t h e  f r e q u e n c y  
c o n v e r t e r  where it is conver t ed  t o  carr ier  f r equency  f 2 .  
t h rough  t h e  f i r s t  d i p l e x e r  and it re-enters the TWT where it  i s  a g a i n  a m p l i f i e d .  
T h i s  s i g n a l  a g a i n  p a s s e s  
Repea te r  sys tems employing a form of RF t o  R?? c o n v e r s i o n  have  been  i n  u s e  
s i n c e  1956 i n  microwave r e l a y i n g  systems f o r  l o n g - d i s t a n c e  TV t r a n s m i s s i o n ,  ( 3 )  
and a r e f l e x  r e p e a t e r  sys t em employing a 100 Mc f r e q u e n c y  s h i f t  w a s  proposed  i n  
1952  f o r  a synchronous  a l t i t u d e  communications l i n k .  (4) 
however,  t h e  f r equency  s h i f t  and u s a b l e  bandwidth are no t  s u f f i c i e n t  f o r  employ- 
men t  i n  a wideband t r a n s p o n d e r  w i t h  a m u l t i p l e  access c a p a b i l i t y .  P r e s e n t  
f r e q u e n c y  band a l l o c a t i o n s  f o r  communications sa te l l i tes  r e q u i r e  t h a t  t h e  r e c e i v e d ,  
o r  u p l i n k ,  f r equency  f a l l  n e a r  t h e  6000 Mc r e g i o n  and t h e  r e - t r a n s m i t t e d ,  o r  
dovn l ink  , f r equency  be i n  the  4000 Mc area. 
I n  a l l  p r e v i o u s  s y s t e m s ,  
- 3 -  




i n  a u s a b l e  s a t e l l i t e  t r a n s p o n d e r  r e q u i r e  tha t  sys tem components b e  s p e c i f i c a l l y  
t a i l o r e d  and i n t e g r a t e d ,  u s i n g  s t a t e - o f - t h e - a r t  t e c h n i q u e s ,  f o r  u s e  i n  a r e - e n t r a n t  
loop .  
The absence  of an IF c h a i n  i n  t h e  d i r e c t  Rp t o  RF c o n v e r t e r  removes t h e  band- 
w i d t h  r e s t r i c t i o n s  i n h e r e n t  i n  the c o n v e n t i o n a l  s y s t e m ,  Overall t r a n s p o n d e r  
bandwidths  of 500 Mc can  b e  a t t a i n e d ,  i f  d e s i r e d ,  by  p r o p e r  component s e l e c t i o n  
and d e s i g n .  
a c r o s s  an o c t a v e  bandwidth.  
T r a v e l i n g  wave t u b e s  are a v a i l a b l e  which can  accommodate s i g n a l s  
Wide sys tem bandwidths  would allow m u l t i p l e  carriers t o  b e  p l aced  a c r o s s  t h e  
band a t  g i v e n  i n t e r v a l s ,  and t h e  channe l  bandwidth  and c h a n n e l  c a p a c i t y  c o u l d  be  
var ied t o  s u i t  t h e  needs  o f  the  d e s i r e d  communicat ions l i n k .  The t r a n s m i s s i o n  
p a r a m e t e r s  of t h e  t r a n s p o n d e r ,  t h e r e f o r e ,  would be d e s i g n e d  t o  a l l o w  a d e q u a t e  
bandwidth  and n o i s e  character is t ics  fo r  m u l t i - s t a t i o n  access, w i t h  s u f f i c i e n t  
dynamic r ange  and t r a n s m i t t e d - p o w e r  t o  cover w i d e l y  d i v e r s e  communicat ions l i n k s .  
I n  a d d i t i o n ,  t h e  wideband t r a n s p a r e n t  s a t e l l i t e  w i l l  a l low t h e  u s e  of c o m p l e t e l y  
d i f f e r e n t  modula t ion  t e c h n i q u e s  th rough  the  same s a t e l l i t e ,  p e r m i t i n g  t h e  u s e r  
t o  se lect  a modula t ion  scheme b e s t  s u i t e d  f o r  h i s  p a r t i c u l a r  r e q u i r e m e n t s .  
The c h o i c e  of a ga in  l i m i t e d  ( c o n s t a n t  s a t e l l i t e  t r a n s m i t t e d  power) or a 
l i n e a r  ( c o n s t a n t  s a t e l l i t e  g a i n )  communications t r a n s p o n d e r  w i l l  depend on the  
d e s i r e d  l i n k  r e q u i r e m e n t s  and c h a r a c t e r i s t i c s .  A m u l t i p l e  carrier s y s t e m ,  f o r  
example ,  may r e q u i r e  a c o m p l e t e l y  l i n e a r  t r a n s l a t i o n  sys t em t o  avo id  i n t e r m o d u l a t i o n  
effects. Optimum c o n d i t i o n s  f o r  b o t h  c a s e s  w i l l  be deve loped  i n  la ter  s e c t i o n s .  
Si'iT-':,LITE LINK REQUIREMENTS - 
The e f f e c t s  of sys t em noise  c o n t r i b u t i o n s  can b e  obse rved  by  an i n v e s t i g a t i o n  
1- I-. 
of t h e  overal l  c a r r i e r  t o  n o i s e  r a t i o  a t  t h e  ground receiver of t h e  l i n k .  F i g u r e  2-1  
shows t h e  l o c a t i o n  of t h e  v a r i o u s  power level p a r a m e t e r s  i n  t h e  l i n k  and d e s c r i b e s  
t h e  nomencla ture  used f o r  n o i s e  a n a l y s i s .  






Sa t t l i l i t e  
Ground Trans la: ion Iransmi t + e r  
P =  
1 
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L12 = 
L34 = 
N 2  = 
N4 = 
T r a n s m i t t e d  C a r r i e r  Power 
4WAi  Antenna Gain  = N 
iv 
where N i  = an tenna  e f f i c i e n c y  
A <  = effect ive a n t e n n a  a p e r t u r e  ( f t ) 2  
Ti = free s p a c e ' w a v e l e n g t h  
L 
Uplink Free Space A t t e n u a t i o n  = 
Downlink Free Space  A t t e n u a t i o n  = 
where d12 and d34 = F r e e  Space  Transmiss ion  Range 
Up1 ink Thermal N o i s  e Power 
Downlink Thermal No i se  Power 
F i g u r e  2-1 
S a t e l l i t e  Link System Pa rame te r s  
, 
Thermal n o i s e  i n t r o d u c e d  i n  the sys tem i s  r e f e r r e d  t o  two p o i n t s  i n  t h e  l i n k .  
The u p l i n k  n o i s e  power,  N2, r e f e r r e d  t o  the  sa te i i i t e  i n p u t  termiiials, l a  the s ' ; ~  
of t h e  the rma l  n o i s e  i n t r o d u c e d  by t h e  u p l i n k  f r e e  s p a c e  l i n k  and by t h a t  i n t e r n a l l y  
g e n e r a t e d  i n  t h e  sa te l l i t e .  
receiver inpu t  terminals, i s  t h e  sum of t h e  the rma l  noise i n t r o d u c e d  by t h e  downlink 
f r e e  space l i n k  and by t h a t  i n t e r n a l l y  g e n e r a t e d  i n  the ground receiver. 
The downlink noise power, N4, r e f e r r e d  t o  t h e  ground 
The c a r r i e r  t o  n o i s e  ra t io  at  t h e  i n p u t  t e r m i n a l s  t o  the s p a c e c r a f t ,  u s i n g  
t h e  nomencla ture  of  F i g u r e  2-1*, is 
* U n l e s s  o t h e r w i s e  n o t e d ,  a l l  power levels are e x p r e s s e d  i n  m i l l i w a t t s  (mw), and 
a l l  g a i n  or loss factors  are expres sed  as d i m e n s i o n l e s s  q u a n t i t i e s .  
- 5 -  
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where N2 = kTsBs 
k = B o l t z m a n ' s  cons tan t ,  (1.38 x mw/Mc/oK) 
Ts = E f f e c t i v e  n o i s e  t e m p e r a t u r e  o f  the s p a c e c r a f t  i n p u t  t e r m i n a l s ,  ( O K )  
Bs = Sate l l i t e  n o i s e  bandwidth (Mc) 
For a linear r e p e a t e r  satell i te wi th  no i n t e r n a l  power l i m i t i n g  the t o t a l  
power p r e s e n t  at  t h e  o u t p u t  t e r m i n a l s  of the satell i te i s  
where : 
= sa te l l i t e  e l e c t r o n i c  power g a i n  
8 5  
The carrier t o  t o t a l  n o i s e  ra t io  at t h e  ground receiver t e r m i n a l s  i s  
therefore, 
kTgBg 
where N,+ = 
T, = E f f e c t i v e  noise t e m p e r a t u r e  of t h e  ground receiver i n p u t  terminals, (%) 
Bg = Ground receiver n o i s e  bandwidth ,  (Mc), 
- 
The l i n k  losses and a n t e n n a  g a i n s  c a n  be broken  up  i n t o  u p l i n k  and downlink 
c o n t r i b u t i o n s .  
where Lu = 
There f  ore, 
- 6 -  
For B = B = B ,  E q u a t i o n  2-3, i n  terms of e f f e c t i v e  noise t e m p e r a t u r s  i s  
s g  
Prom t h i s  r e s u l t  a n  effective s y s t e m  n o i s e  t e m p e r a t u r e  can  b e  d e f i n e d  as I 
F i g u r e  2-2 shows Te f o r  v a r i o u s  sa te l l i te  and ground n o i s e  t e m p e r a t u r e s  as 
a f u n c t i o n  of GsLi . 
D 
Rear rang ing  terms, and e x p r e s s i n g  i n  d b ,  e q u a t i o n  2-4 can  be  w r i t t e n  
L e t  
Then 
F i g u r e  2-3 shows E q u a t i o n s  (2-7) and (2-8) w i t h  t h e  common c o o r d i n a t e  K 
p l o t t e d  v e r t i c a l l y .  T h i s  p l o t  can b e  u t i l i z e d  i n  d e t e r m i n i n g  any one of t h e  
parameters($&, gS , P1 , Ne , o r  LT f o r  a g i v e n  sa te l l i t e  l i n k .  As an example 
of t h e  u s e  of  t h i s  g r a p h ,  c o n s i d q r  t h e  l i n k  w i t h  t h e  p a r a m e t e r s  shown below. 
Gs (db )  = 110 dbm 
Lu (db)  = -137 db  
(db)  = -137 db 
LT (db)  = -274 db 
- 7 -  
10 
g,L, IN db 
.b 
Figure 2-2-Effective System Noise Temperature as a Function of Satellite Power Gain 
1 .. 
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Te = 100% and B = 1 0  MC 
.. 
- -  
.- 
:.Ne = -108 dbm 
It i s  d e s i r e d  t o  f i n d  t h e  t o t a l  c a r r i e r  t o  noise r a t i o  on t h e  ground, (%lT.  
F i r s t  t h e  p o i n t  Ne = -108 dbm ( p o i n t  @ on F i g u r e  2-41 is  l o c a t e d .  
is f o l l o w e d  t o  t h e  i n t e r s e c t i o n  w i t h  GS = 110 db  l i n e  ( p o i n t  @ 1. 
qver  t o  t h e  P1 = 5 Kw l i n e  ( p o i n t  @ 1, 
w i t h  t h e  r i g h t  abscissa ( p o i n t  @ 
Then t h i s  l i n e  
Then proceed 
F i n a l l y  t h e  intersection of t h i s  l i n e  
g i v e s  
- 2 8 S J b  
Theref ore 
111. TRANSPONDER T(EQUIREXENTS 
A r ange  of sa te l l i t e  r e q u i r e m e n t s  w i l l  now b e  d e t e r m i n e d  for  the d i r e c t  RF 
to RF t r a n s p o n d e r  u t i 1 i a i n g . t h e  p a r a m e t e r s  and t h e  r e s u l t s  of S e c t i o n  11. 
C o n s i d e r i n g  f i r s t  the c o m p l e t e l y  linear r e p e a t e r  s y s t e m ,  t h e  r e q u i r e d  
sa te l l i t e  e l e c t r o n i c  g a i n  w i l l  be de te rmined  by the minimum a l l o w a b l e  sa te l l i te  
t r a n s m i t t e d  power f o r  a d e q u a t e  r e c e p t i o n  at t h e  ground receiver. 
I f  t h e  s a t e l l i t e  g a i n  i s  i n c r e a s e d ,  h o l d i n g  a l l  o t h e r  p a r a m e t e r s  t h e  same, a 
maximum a t t a i n a b l e  t o t a l  carrier t o  n o i s e  ra t io  w i l l  b e  r e a c h e d  above which no  
U...”U..” omfi-*nf nf added  ggir! will produce  a n  improvement. 
From E q u a t i o n  (2-4) 
The u p l i n k  c o n t r i b u t i o n  t o  the t o t a l  s i g n a l  to  n o i s e  r a t io  i s ,  
- 8 -  
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. Simi la r ly ,  t h e  downlink cont r ibu t ion  t o  the  t o t a l  s ignal  t o  noise  r a t io  is, 
The t o t  a1 
or 
c a r r i e r  t o  
L -
noise  r a t i o  can be expressed as 
(3" Eo 
(3-3)  
The r e l a t i v e  e f f e c t  of the  uplink no i se  referred to  the ground rece iver  
(k L T B )  and of t h e  downlink no i se  (kT on t h e  t o t a l  c a r r i e r  t o  noise  r a t i o  
w i l l  depend on t h e  magnitude of , assuming a l l  o ther  parameters remain t h e  same, 
Figure 3-1 shows t h e  v a r i a t i o n  of t o t a l  c a r r i e r  t o  noise  r a t i o  with s a t e l l i t e  
gain f o r  s a t e l l i t e  no ise  temperatures of 300% and 3000%, and noise  bandwidths of 
as D 8 
8s 
1 Mc and 50 Mc. The "knee" of each curve occurs  where both noise  cont r ibu t ions  
are equal or  where 
. -  .-c 
( 3 4 )  
Below t h i s  point t he  downlink noise  predominates; above t h i s  point  t h e  uplink 
no i se ,  which includes t h e  i n t e r n a l l y  generated noise  of t he  sa te l l i t e ,  is the 
major cont r ibu tor .  
The choice of s a t e l l i t e  gain for a given communications l i n k  s o l e l y  on t h e  
b a s i s  of maximum a t t a i n a b l e  c a r r i e r  t o  noise r a t i o  ind ica t e s  t h a t  a value above 
the"knee"of t h e  c a r r i e r  t o  noise-galn curve f o r  the  l i n k  should be chosen. I n  
. 
t h i s  a r e a ,  however, t h e  sa te l l i t e  noise temperature i s  a major con t r ibu to r  t o . t h e  
- 9 -  
1- 
i 
f . .  
. carrier t o  n o i s e  ratio and any  r ise i n  sa te l l i te  n o i s e ,  c a u s e d ,  f o r  example, by 
component d e g r a d a t i o n  or a g i n g ,  w i l l  p roduce  a s t r o n g  d r o p  i n  t h e  t o t a l  carrier 
t o  n o i s e  ra t io .  
300OoK ( c o r r e s p o n d i n g  t o  a n  increase i n  sa te l l i t e  n o i s e  f i g u r e  o f  abou t  7 . 5  db) 
w i l l  d e g r a d e  the to t a l  carrier t o  n o i s e  ra t io  by 1 0  db .  
I n  t h e  l i n k  shown i n  F i g u r e  3-1, a rise of  Ts f rom 300% t o  
A l l  p r e s e n t  day  communication s a t e l l i t e s  o p e r a t e  w e l l  be low t h e  k n e e  of t h e  
g a i n  c u r v e .  O p e r a t i o n  i n  t h i s  r ange  min imizes  t h e  effect  of u p l i n k  n o i s e ,  making 
t h e  r e s u l t i n g  carrier t o  n o i s e  r a t i o  almost c o m p l e t e l y  dependent  on t h e  ground 
receiver n o i s e  t e m p e r a t u r e ,  where.10~ cooled t e m p e r a t u r e s  can be m a i n t a i n e d .  
S a t e l l i t e  l i n k s  employing p o i n t  t o  p o i n t  communication w i t h  small ground 
s t a t i o n s ,  however ,  w i l l  r e q u i r e  a .better b a l a n c e  between u p l i n k  and downlink 
n o i s e  c o n t r i b u t i o n s  f o r  a u s a b l e  s y s t e m .  With t h e  u p l i n k  l i m i t e d  i n  a v a i l a b l e  
t r a n s m i t t e d  power, and t h e  downlink l i m i t e d  i n  s e n s i t i v i t y ,  t h e  sa te l l i t e  t r a n s -  
ponder w i l l  r e q u i r e  a lower f r o n t  end n o i s e  t e m p e r a t u r e  and a h i g h e r  e l e c t r o n i c  
g a i n  t o  p r o d u c e  a u s a b l e  l i n k ,  .Hence, for the small ground station l i n k ,  o p e r a t i o n  1 
a t  or n e a r  t h e  "knee" of t h e  g a i n  cu rve  w i l l  r e s u l t  i n  t h e  most e f f i c i e n t  u se  of 
a l l  components i n  t h e  l i n k .  
I n  g e n e r a l ,  for a communications t r a n s p o n d e r ,  whe the r  a l a r g e  ground s t a t i o n  
or a l i m i t e d  ground s t a t i o n  l i n k ,  t h e  o p e r a t i n g  g a i n  f o r  minimum d e g r a d a t i o n  of 
4~ 
the carrier to noiss ratio hy sa te l l i t e  n o i s e  e f f e c t s  s h o u l d ,  t h e r e f o r e ,  b e  
-c- I 
Once t h e  p a r t i c u l a r  sa te l l i t e  l i n k  of i n t e r e s t  and i t s  d e s i r e d  communications 
I character is t ics  are s p e c i f i e d ,  t h e  optimum p o i n t  of o p e r a t i o n  on t h e  g a i n  c u r v e  
can be  p r e d i c t e d .  
. I  
.L 
The e f f e c t  of i n t e r n a l l y  g e n e r a t e d  sa te l l i te  n o i s e  on t h e  carrier t o  n o i s e  
- 10 - 
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r a t i o  i s  d i r e c t l y  r e l a t ed  t o  the  s a t e l l i t e  ga in ,  as evidenced above. 
i nd ica t e s  the  t o t a l  c a r r i e r  t o  noise  r a t i o  a s  a funct ion of s a t e l l i t e  rece iver  noise 
temperature f o r  s a t e l l i t e  gains  of 110, 123 and 130 db .  
Figure 3-2 
Operation a t  = 110 d b ,  corresponding t o  operat ion below the "knee" on y. 
Figure 3-1, results in. m i n i m u m  degradation of c a r r i e r  t o  noise  r a t i o  with noise  
temperature. A t  130 d b  however, t h e  c a r r i e r  t o  noise  r a t i o  i s  reduced by  near ly  
1 7  d b  a s  t h e  noise  temperature increases from 3000K t o  3000%. 
L e t  
which corresponds to  the  maximum allowable gain, trom Kqiiation (3-5). 
Then the  r e s u l t i n g  c a r r i e r  t o  noise r a t i o  is 
This  corresponds t o  t h e  u p l i n k  contr ibut ion (Equation 3-11, degraded by 3 db. 
Figure 3-3 shows the  required s a t e l l i t e  
t h e  t o t a l  c a r r i e r  to'noise r a t i o  for  channel 
A t3 (;)a
noise  temperature as a function of 
bandwidths of 1, 5 ,  10,  and 25 Mc. 
"".:Ls graph indica tes  t h a t  t o  m a i n t a i n  a 20 db  c a r r i e r  t o  noise  r a t i o  a Ts of 
30,000°K a t  1 Mc and 300OoK at 25  Mc is required i n  t h e  s a t e l l i t e .  
- 11 - 
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Figure 3-1-Total Carrier to Noise Ratio as a Function of Satellite Gain 
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TOTAL CARRIER TO NOISE RATIO, (6) , I N d b  
T 
Figure 3-3-Satellite Noise Temperature for G,L, Ts = Tg 
- _  
* Tnese  two t e m p e r a t u r e s  co r re spond  t o  satel l i te  f r o n t  end n o i s e  f i g u r e s  of 
abou t  1 2  d b  and 10 d b ,  r e s p e c t i v e l y ,  
n e a r  a 20 d b  carrier t o  n o i s e  ra t io ,  a sa te l l i t e  n o i s e  f i g u r e  of 10 db  i s  a 
r e a s o n a b l e  v a l u e  f o r -  the  l i n k  d e s c r i b e d .  
It c a n  be s e e n  that f o r  o p e r a t i o n  a t  or 
Once the r e q u i r e d  t o t a l  p r e d e t e c t i o n  carrier t o  n o i s e  ra t io  has been  d e t e r -  
mined f o r  a g i v e n  l i n k ,  the n e c e s s a r y  noise f i g u r e  c a n  be de te rmined  f rom 
L” E31 (3-9)  
I 2 A l3 (6)) 
where ( = the  minimum a l l o w a b l e  ground receiver p r e d e t e c t i o n  carrier t o  
n o i s e  ra t io  for s a t i s f a c t o r y  l i n k  o p e r a t i o n .  
T u r n i n g  now t o  the  g a i n  l i m i t e d  t r a n s p o n d e r ,  t h e  sa te l l i t e  t r a n s m i t t e d  power 
i s  a c o n s t a n t ,  hence ,  
Theref  ore, E q u a t i o n  (2-4) becomes A 
(3-10) 
(3-11) 
I n  this c a s e ,  the  p a r a m e t e r s  of i n t e r e s t  for the  t r a n s p o n d e r  are Ps and Ts. 
(3-12) 
- 1 2  - 
The r e s u l t s  of t h e  a n a l y s i s  of  t h e  linear t r a n s p o n d e r  c a n  be u t i l i z e d  f o r  
L O W  R e - e n t r a n t  Power 
TWT - Noise 
P r e a m p l i f i e r  A m p l i f i e r  Amp1 i f  ier  (s  ) 
b b i 
t h e  g a i n  l i m i t e d  t r a n s p o n d e r  by  r e p l a c i n g  t h e  g a i n  term w i t h  t h e  term ps , 
- 
U L  
where Ps is  a c o n s t a n t ,  For example,  t o  d e t e r m i n e  t h e  r e q u i r e m e n t s  f o r  o p e r a t i o n  




T h e r e f o r e ,  for Lu = -137 db and P1 = 67 dbm t h e  r e q u i r e d  Ps w i l l  be  40 dbm 
or 1 0  watts. 
For t h e  d i r e c t  RF to  RF t r a n s p o n d e r ,  t h e  r e a l i z a t i o n  of t h e  g a i n  l i m i t a t i o n  
i s  made more d i f f i c u l t  since no IF l i m i t e r s  can  be  used .  T h e r e f o r e ,  RF l i m i t i n g  
u t i l i z i n g  ferr i te  d e v i c e s  may be  n e c e s s a r y  if a d e q u a t e  l i m i t i n g  c a n n o t  b e  r e a l i z e d  
i n  t h e  o u t p u t  power s t a g e s .  
F o r  m u l t i p l e  carrier s y s t e m s  where g a i n  l i m i t i n g  i s  d e s i r e d  one TWT o p e r a t i n g  
s a t u r a t e d  w i l l  be  r e q u i r e d  f o r  e a c h  o n e  (or two) carriers. 
t h e  r e - e n t r a n t  l o o p  c o u l d  b e  accompl i shed ,  m u l t i p l e  o u t p u t  t u b e s  may not be r e q u i r e d .  
I f  l i m i t i n g - p r i o r  t o  
Using p r e s e n t l y  a v a j l a b l e  components,  t h e  n e c e s s a r y  g a i n  and i n p u t  s e n s i t i v i t y  
for a communications l i n k  canno t  be r e a l i z e d  i n  t h e  r e - e n t r a n t  l o o p  a l o n e ,  T h e r e f o r e ,  
i n  a d d i t i o n  t o  t h e  r e - e n t r a n t  a m p l i f i e r  a n  o u t p u t  power s t a g e  and a low-no i se  p r e -  
a m p l i f i e r  f r o n t  end are r e q u i r e d .  F i g u r e  3-4 shows t h e  power level and g a i n  
Power L e v e l  D i s t r i b u t i o n  f o r  Direct RF t o  RF Transponder  
- 13 - 
, A s  mentioned p r e v i o u s l y ,  a g a i n  l i m i t e d  m u l t i p l e  carrier s y s t e m  would r e q u i r e  
m u l t i p l e  o u t p u t  power TWs t o  obtain t h e  n e c e s s a r y  l i m i t i n g  on each carrier. For 
the l i n e a r  sys t em,  however, two p o s s i b i l i t i e s  e x i s t .  A l l  of t h e  carriers cou ld  be 
passed  t h r o u g h  a s i n g l e  power TWT o p e r a t i n g  well below s a t u r a t i o n  i n  i ts l i n e a r  
( c o n s t a n t  g a i n )  r e g i o n .  Or, each carrier c o u l d  be d i r e c t e d  t o  a s e p a r a t e  TWT for 
l i n e a r  a m p l i f i c a t i o n .  I n  t h e  f i r s t  system, the TkT must b e  a b l e  t o  accommodate 
the to t a l  power r e q u i r e m e n t s  of . a l l  of the carriers, and must have s u f f i c i e n t  
dyngmic r a n g e  t o  h a n d l e  the t w o  extreme c o n d i t i o n s  of one  carrier a l o n e  or a l l  
.- 
carriers s i m u l t a n e o u s l y .  
c a p a p i l i t y  t o  accommodate one  carrier and a dynamic r a n g e  n e c e s s a r y  t o  accommodate 
that  carr ier .  
The second sys t em r e q u i r e s  t h a t  each TWT have  a power 
I n  summary, t he  power and n o i s e  characterist ics that  c a n  be attained i n  the 
r e q u i r e d  a m p l i f y i n g  devices w i l l  d e t e r m i n e  t h e  number of sys t em s t a g e s  needed.  
T h a t  combina t ion  of available r .f .  components which can  r e a l i z e  t he  n e c e s s a r y  
g a i n  and s e n s i t i v i t y  r e q u i r e m e n t s  i n  t h e  minimum s i z e  and we igh t  w i l l  d e t e r m i n e  
the  optimum Rp t o  FtF r e - e n t  r a n t  t r a n s p o n d e r  c o n f i g u r a t i o n .  
I V .  CRYSTAL MIXER RE-ENTRANT AMPLIFIER 
F i g u r e  4-1 shows a b lock  d i ag ram of t h e  r e - e n t r a n t  T W  ampl’ i f ier  u t i l i z i n g  a 
crystal  mixer  for f r e q u e n c y  c o n v e r s i o n .  
1 
B.P. 
F i l t e r  
a t  
Output B.P. 
F i l t e r  I n p u t  * a t  
4170 Mc 
Output 
Coupler  6390 Mc. - 
a t  a t  * I n p u t  
6390 Mc 6390 Mc. -Coupler 
-- 
B.P. B.P. Crys t a 1 
Conver te r  
F i l t e r  
a t  
F i l t e r  
a t  
- Mixer .. 
14170 MCI- 
I (E I , I  6390 M c ~  
L.O. 
F i g u r e  4-1 
C r y s t a l  Mixer Re-entrant  TWT A m p l i f i e r  
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a The i n p u t  s i g n a l  a t  6390 Mc p a s s e s  th rough  t h e  i n p u t  c o u p l e r  and e n t e r s  t h e  TWT. 
A f t e r  a m p l i f i c a t i o n ,  t h e  o u t p u t  c o u p l e r  d i rects  t h e  s i g n a l  t h r o u g h  t h e  r e - e n t r a n t  
l o o p  where i t  is  c o n v e r t e d  t o  4170 Mc at t h e  c r y s t a l  mixer c o n v e r t e r ,  T h i s  s i g n a l  
t h e n  re-enters t h e  TWT t h r o u g h  t h e  i n p u t  c o u p l e r  and is d i r e c t e d  by t h e  o u t p u t  
c o u p l e r  t h r o u g h  t h e  o u t p u t  f i l t e r  a t  4170 Mc. 
The power levels th rough  t h e  l o o p  w i l l  b e  de t e rmined  b y  t h e  r e a l i z a b l e  g a i n  
and power o u t p u t  of t h e  TWT. The power l e v e l  d i s t r i b u t i o n  f o r  an i n p u t  carrier 
l e v e l  of PI dbm can be  de te rmined  by c o n s i d e r i n g  t h e  l o o p  as a sys t em of two 
cascaded  TWT a m p l i f i e r s  w i t h  t h e  f i l t e r s  and t h e  c o n v e r t e r  i n t e r p o s e d  between 
.* 






Ci = Coup le r  Loss 
L, 
= Midband Fi l ter  I n s e r t i o n  Loss  
= C r y s t a l  Mixer Conversion Loss 
= TWT Gain a t  Frequency f l  
"2 
GT1 
GT2 = Twy G a i n  at  P q r ; z n c y  f 
F i g u r e  4-2 
~~ 
Cascaded Re-ent rant Amp1 i f  ier  R e p r e s e n t  a t  i o n  
The power level a t  t h e  o u t p u t  p o r t ,  P 2 ,  w i l l  be 
- 1 5  . 
. Assuming t h a t  
L1 = L2 - Lg = L4 Z L  
c1 = c2 - C 3 = C 4 E C   
-60 dbnl * 
.. 
B.P. -6l.J 
F i l t e r ;  F i l t e r  - i  




Then G G  
T1 T2 
'2 = 16G LC L, 
The overall g a i n  i n  db is  
Gs (db) GT1 + GT2 - 4L - 4 C  - L, 
A 1  so ,  
Pc (db) = P1 + GT - 2L - 2 c  
1 
(4- 3 1 
(4-4) 
F i g u r e  4-3 i n d i c a t e s  the t o t a l  sys t em g a i n  G t h e  power o u t p u t  P2 ,  and the 
S' 
mixer i n p u t  level P,, for t h e  T m  ga in  of 20 t o  50 db p e r  p a s s ,  
TWT g a i n  i s  assumed t o  b e  the same for  b o t h  t h e  inpu t  and t h e  o u t p u t  s i g n a l  f r e -  
q u e n c i e s .  A c o n v e r s i o n  loss of 10 db i s  t y p i c a l  f o r  broadband mix ing  u t i l i z i n g  
For t h i s  c u r v e ,  t h e  
a l o c a l  o s c i l l a t o r  of 2220 Mc or 10560 Mc, 
F i g u r e  4-4 shows t h e  r e s u l t i n g  power d i s t r i b u t i o n  for t h e  r e - e n t r a n t  a m p l i f i e r  
S i n g l e  Carrier Power Leve l  D i s t r i b u t i o n  f o r  t h e  Re-en t r an t  A m p l i f i e r  
- 1 6  - 
'. 




For m u l t i p l e  carrier o p e r a t i o n  of t h e  l o o p ,  t he  power h a n d l i n g  c a p a b i l i t y  
of t h e  TWT and the  c o n v e r t e r  w i l l  be  of p r imary  i n t e r e s t ;  i n  d e t e r m i n i n g  t h e  
I 
I 
a l l o w a b l e  i n p u t  s i g n a l  level and number of carriers. 
The o v e r a l l  n o i s e  f i g u r e  N, of t h e  r e - e n t r a n t  a m p l i f i e r  l o o p  can  be 
e x p r e s s e d  i n  terms of t h e  TWT n o i s e  f i g u r e  as 
a 
c- 1 NT1-l NT2-1 
1 1 1  
N - = L * - + - +  
1 L L  - -  - 
L L c 3L 3c p 1  
(4-5) 
where 
L = i n s e r t i o n  loss  of i n p u t  f i l t e r  
C = irrsertiorr loss of i n p u t  c o u p l e r  
L = c o n v e r s i o n  loss of f r equency  c o n v e r t e r  
= n o i s e  f i g u r e  of TWT a t  f r equency  f1  
=, n o i s e  f i g u r e  of TWT a t  f r equency  f 2  






a t  f r equency  f l  
For NT (db)  less than  30 d b ,  the t h i r d  term becomes n e g l i g i b l e  and 
2 
Na = L + LC - L + LCNT - LC 
1 
N, = LCN, 
‘1 5. 
(4- 6 1 
Expressed  i n  d b ,  
(db )  + L + C (3-8) 
NTl 
Na (db)  = 
For a t r a n s p o n d e r  u t i l i z i n g  a p r e - a m p l i f i e r  w i t h  a r e l a t i v e l y  low n o i s e  
f i g u r e ,  t h e  o v e r a l l  n o i s e  f i g u r e  of t h e  t r a n s p o n d e r  c a n  be s i g n i f i c a n t l y  reduced 
by the r e - e n t r a n t  l o o p  TWT. 
The r e - e n t r a n t  TWT n o i s e  f i g u r e  r e q u i r e d  t o  m a i n t a i n  a 10 db t o t a l  t r a n s -  
ponder  n o i s e  f i g u r e  i s  shown i n  F i g u r e  4-5 as a f u n c t i o n  of p r e - a m p l i f i e r  n o i s e  








l o  2 
Gp = 3 0 d b  
G, = 2 0 d b  
G, = 10 db 
4 6 8 
PRE -AMPLIFIER N.F. IN db 
10 
Figure 4-5-Pre-Amplifier and Re-entrant TWT Noise Requirements to 
kaintain a 10 db Total System Front End Noise Figure 
f i g u r e ,  for p r e - a m p l i f i e r  g a i n s ,  G of 10,  20 and 30 d b .  As can  b e  s e e n  f r o m t h e  
curves, t h e  p r e - a m p l i f i e r  g a i n  Sets s t r o n g  r e q u i r e m e n t s  on t h e  l o o p  TWT. 
power W s  t y p i c a l l y  have noise f i g u r e s  f rom 25 t o  30 db and h i g h e r ,  h e n c e  a 
p r e a m p l i f i e r  g a i n  of 20 d b  or more is  n e c e s s a r y  t o  m a i n t a i n  t h e  10 db t o t a l  
P’ 
Medium 
n o i s e  f i g u r e .  
T y p i c a l  t u n n e l  d i o d e  a m p l i f i e r s  have  e x h i b i t e d  5 db n o i s e  f i g u r e s  w i t h  1 7  db  
of small s i g n a l  g a i n  at 6390 M c ,  i n d i c a t i n g  t h a t  a r e - e n t r a n t  TWT n o i s e  f i g u r e  of 
22.8 db or better would b e  r e q u i r e d .  
The TWT i n  t h e  s y s t e m  of F i g u r e  4-4 must have s u f f i c i e n t  dynamic r a n g e  t o  
a c c e p t  b o t h  t h e  6390 Mc s i g n a l  ( -62.5 dbm) and the 41 70 M c  s i g n a l  ( -37.5 dbm), 
A m u l t i p l e  carrier s y s t e m  must i n  a d d i t i o n  have  a d e q u a t e  dynamic r ange  t o  operate 
o v e r  a l l  p o s s i b l e  carrier loads and level f l u c t u a t i o n s .  
The power h a n d l i n g  c a p a b i l i t y  of t h e  c r y s t a l  c o n v e r t e r  a lso is  a f a c t o r  f o r  
m u l t i p l e  carrier s y s t e m s  where t h e  g e n e r a t i o n  o f  i n t e r m o d u l a t i o n  p r o d u c t s  must 
be c o n s i d e r e d  a l o n g  w i t h  t h e  dynamic r a n g e ,  
T a b l e  4-1 summarizes t h e  power r e q u i r e m e n t s  fo r  t h e  l o o p  TWT and the f r e q u e n c y  
c o n v e r t e r  f o r  1, 2, 6 ,  10, 20, and 50 carriers. The r e c e i v e d  carrier power a t  the 
sa te l l i t e  i s  assumed t o  be -70 +2  dbm p e r  carrier,  and t h e  sys t em p a r a m e t e r s  are 
as shown i n  F i g u r e s  3-4 and 4-4, It i s  f u r t h e r  assumed t h a t  n e g l i g i b l e  carrier 
s u p p r e s s i o n  o c c u r s  i n  t h e  TWT and t h a t  a i l  sys t em coiiiporiz~ts exhihit  a f l a t  r e s p o n s e  
a c r o s s  t h e  t r a n s p o n d e r  bandwidth.  The dynamic r a n g e  of t h e  TWT i n c l u d e s  t h e  
s i g n a l s  a t  b o t h  t h e  u p l i n k  and downlink f r e q u e n c i e s .  
e 
The l o o p  TWT s a t u r a t e d  o u t p u t  power r e q u i r e d  f o r  s a t i s f a c t o r y  m u l t i p l e -  
carrier l o o p  o p e r a t i o n  canno t  be de t e rmined  w i t h o u t  a c o n s i d e r a t i o n  of the 
i n t e r m o d u l a t i o n  characterist ics of t h e  t u b e .  The a l l o w a b l e  level of i n t e r m o d u l a t i o n  
n o i s e  and t h e  carrier s p a c i n g  scheme m u s t  b e  s p e c i f i e d  f o r  de t e rmina t ’ ion  of t h e  
optimum i n p u t  carrier level for  e f f i c i e n t  o p e r a t i o n .  A carrier power backoff  w i l l  
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be r e q u i r e d  as the number of carriers is i n c r e a s e d  i n  order t o  keep  t h e  i n t e r -  
modu la t ion  p r o d u c t s  below a prede termined  level.  T h i r d  o r d e r  i n t e r m o d u l a t i o n  
p r o d u c t s  predominate  i n  s t r a i g h t - t h r o u g h  o p e r a t  i o n ,  w h i l e  t h e  even o r d e r  p r o d u c t s  
become a fac tor  when t h e  r e - e n t r a n t  loop  i s  i n t r o d u c e d ,  
Very l i t t l e  e x p e r i m e n t a l  d a t a  on m u l t i p l e  carr ier  TWT per formance  above two 
carriers ex is t s ,  and none i s  a v a i l a b l e  f o r  a TWT i n  a r e - e n t r a n t  l o o p ,  D e t a i l e d  
measureinents of commerc ia l ly  available t r a v e l i n g  wave t u b e s  o p e r a t i n g  between t h e  
s a t u r a t i o n  and l i n e a r  g a i n  r e g i o n s  have been made fo r  two and three e q u a l  level 
~ a r r i e r s . 5 ~ )  
must be  a t  least 15 db below the i n p u t  level for  no rma l i zed  s a t u r a t i o n  ou tpu t*  t o  
k e e p  t h i r d  o r d e r  o u t p u t  p r o d u c t s  20 db below the carriers. Two w a t t  s a t u r a t e d  
o u t p u t  power t u b e s  were u s e d ,  and t h e  t h r e e  carriers Were spaced  a t  105  Mc and 
70 Mc i n t e r v a l s .  
The r e s u l t s  for three c a r r i e r s  i n d i c a t e  t h a t  t h e  carrier i n p u t  levels 
A p p l i c a t i o n  of t h e s e  d a t a  t o  t h e  r e - e n t r a n t  l o o p  c o n d i t i o n  can be made unde r  
t h e  assumpt ion  t h a t  the  2220 Mc s p a c i n g  between t h e  u p l i n k  and downlink f r equency  
bands w i l l  a l l o w  o p e r a t i o n  wi th  t h i r d  o r d e r  p r o d u c t s  20 db below the  carriers. 
Then, f rom Tab le  4-1, t h e  maximum combined o u t p u t  power of the "I' for 3 carriers 
i s  +9.3 dbm. Al lowing  a 15 db  margin ,  t h e r e f o r e ,  r e q u i r e s  that  t h e  normal ized  
s a t u r a t i o n  o u t p u t  power be  *24.3 dbm. Assuming a g a i n  s u p p r e s s i o n  a s a t u r a t i o n  
of a b o u t  6 d b ,  the  r e q u i r e d  saturated cutput power i s  30.3 dbm, or about  1 w a t t ,  
Thus, f o r  t h r e e  -60 dbm carriers impressed at t h e  i n p u t  of t h e  sys t em of F i g u r e  4-4, 
& 
a one w a t t  t u b e  would be  r e q u i r e d  t o  o b t a i n  s a t i s f a c t o r y  o u t p u t  a t  0 dbm p e r  carrier. 
The results of T a b l e  4-1 and t h e  above d i s c u s s i o n  are i n t e n d e d  o n l y  as a 
p r e l i m i n a r y  i n d i c a t i o n  of  some of t h e  r e q u i r e m e n t s  n e c e s s a r y  f o r  m u l t i p l e  carrier 
o p e r a t i o n  of t h e  r e - e n t r a n t  t r a n s p o n d e r .  A more complete a n a l y s i s  of t h e  l o o p  
* The i n p u t  l e v e l  f o r  ' n o r m a l i z e d '  s a t u r a t i o n  o u t p u t  i s  d e f i n e d  here as t h e  i n p u t  
level a t  s a t u r a t i o n  minus a f a c t o r  e q u a l  t o  the  g a i n  compress ion  a t  s a t u r a t i o n ,  
- 19 - 
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TWT r e q u i r e m e n t s  must await more d e f i n i t i v e  data on the m u l t i p l e  carrier i n t e r -  
modu la t ion  problem, e s p e c i a l l y  t k e  e f f e c t s  of r e - e n t r a n t  o p e r a t i o n  t h r o u g h  a 
* 
s i n g l e  t r a v e l i n g  wave t u b e .  
V .  EXPERIMENTAL RE-ENTRANT SYSTEMS 
An e x p e r i m e n t a l  r e - e n t r a n t  a m p l i f i e r  employing a 1 w a t t  minimum broadband 
t r a v e l i n g  wave t u b e  w a s  set up t o  d e m o n s t r a t e  the  f e a s i b i l i t y  of r e - e n t r a n t  
f r e q u e n c y  c o n v e r s i o n .  The i n p u t  f r equency  band was c e n t e r e d  at 6390 M c  and t h e  
o u t p u t  f r e q u e n c y  bapd a t  4170 Xc,  The waveguide f i l t e r s  were d e s i g n e d  f o r  a 
60 Mc passband and f r e q u e n c y  c o n v e r s i o n  was accomplished w i t h  a 1N23 series 
microwave d i o d e .  
F i g u r e  5-1 shows t h e  comple t e  r e - e n t r a n t  a m p l i f i e r  sys t em d e s c r i b e d  above. 
Power measurements for  l o o p  g a i n  and bandwidth were made for i n p u t  levels above ,  
a t ,  and below t h e  i n p u t  power to  s a t u r a t e  t h e  loop.  F i g u r e  5-2 shows t h e  o u t p u t  
6 '  
r e s p o n s e  f o r  t h e  above c o n d i t i o n s .  
level s e n s i t i v e  and can be op t imized  f o r  any i n p u t  by t u n i n g  of t h e  c o n v e r t e r  
It can  be seen t h a t  t h e  s y s t e m  i s  i n p u t  power 
and f i l t e r  cavi t ies .  A s l i g h t  s h r i n k a g e  of bandwidth o c c u r r e d  because  t h e  f i l t e r  
Flairs were n o t  t uned  t o  t h e  same exact c e n t e r  f r e q u e n c y .  Curve 3 of F i g u r e  5-2 
h a s  the smoothest r e s p o n s e ,  w i t h  a 2.75 db peak t o  peak r i p p l e  a c r o s s  a 42 Mc 
bandwidth.  A t  t h i s  i n p u t ,  which was 1 db below t h e  i n p u t  t o  c a u s e  l o o p  s a t u r a t i o n ,  
the TWT g a i n  a t  t h e  i n p u t  f r equency  w a s  40 d b  and t h e  o u t p u t  f r e q u e n c y  was s u b j e c t e d  
to a 2 db  s u p p r e s s i o n ,  r e s u l t i n g  is  a n e t  g a i n  of 30 d b .  
T>.e measurements were made w i t h  t h e  l o o p  tuned  f o r  optimum l i n e a r  r e s p o n s e  
across t h e  band,  hence o v e r a l l  l o o p  g a i n  was n o t  maximized, Loop g a i n s  of 40 db 
were o b t a i n e d  by t u n i n g  f o r  optimum g a i n  a c r o s s  a na r rower  bandwidth.  
The f e a s i b i l i t y  of wideband direct  c o n v e r s i o n  f o r  comnun ica t ions  sa te l l i tes  
was f u r t y e r  demons t r a t ed  by TRW Space Technology L a b o r a t o r i e s  w i t h  t h e  NASA 
sponsored  development of a l a b o r a t o r y  model d i r e c t  RF t o  RF t r a n s p o n d e r  c o n s i s t i n g  
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of a t u n n e l  d i o d e  f r o n t  e n d ,  a r e - e n t r a n t  a m p l i f i e r ,  and a T m  power o u t p u t  stage. 
O v e r a l l  t r a n s p o n d e r  ga ins  of 9 5  t o  1 0 5  db across a 500 Mc bandwidth were 
o b t a i n e d  for  an i n p u t  level of -70 dbm, w i t h  a 9 . 5  db  i n p u t  n o i s e  f i g u r e .  The 
r e - e n t r a n t  a m p l i f i e r  g a i n  was 66 - + 2  db a t  -60 dbm i n p u t  across a 300 Mc bandwid th ,  
and the f r e q u e n c y  converzer e x h i b i t e d  a conversion loss  of less t h a n  1 0  db  a c r o s s  
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